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6.1
Dolomitization in an Inverted Mixing Zone
Arthur Adams1, Larryn Diamond1, Lukas Aschwanden1
1

Institute of Geological Sciences, Baltzerstrasse 1+3, 3012 Bern, Switzerland (arthur.adams@geo.unibe.ch)

The recently reclassified Stamberg member (former Trigonodus Dolomit) of the Schinznach formation (former Upper
Muschelkalk) of north-eastern Switzerland is a geochemically complex dolomitic unit. It forms part an extensive deep saline
aquifer in the Molasse Basin of northern Switzerland, which is under investigation for its potential for geothermal energy
production and for industrial CO2 storage. The formation represents the sediments of a gently inclined carbonate ramp,
situated in an extensive middle Triassic epeiric sea. Dolomitization of the formation is complete near Triassic
paleoshorelines and wanes towards the centre of the seaway. Spatial distributions and facies analysis of these dolomites
indicate that they formed through seepage-reflux mechanisms. Geochemical and isotopic evidence however, points to a
more complex dolomitization mechanism.
Strontium isotopes of matrix dolomites range from 0.70844 to 0.7117, significantly higher than the Triassic marine 87Sr/86Sr
ratio (0.70775), while oxygen isotope ratios range from -6.56 to -1.05‰VPDB. A number of geochemical, petrographical and
isotopic patterns are consistently observed in each borehole with depth: (1) strontium isotopic values paradoxically
increase; (2) oxygen isotopic ratios decrease; (3) carbon isotopes values increase; (4) strontium concentrations decrease;
(5) crystal size increases; (6) UV-fluorescence decreases; and (7) stoichiometry increases. While features 3 – 7 can be
explained by seepage reflux, both sets of isotopic data are inconsistent with such a hypothesis. In light of new evidence,
recrystallization can no longer account for the geochemical and isotopic signals of the dolomites.
The coupling of all geochemical, petrographic and isotopic data indicates that dolomite formed from waters, which
progressively graded from dense refluxing saline brines to meteoric fluids from the top to the bottom of the unit. This
paradox of saltwater overlying freshwater, despite their stark density differences, is present in a number of modern day
settings. Most analogously, Australian hypersaline lakes often display inverted salinity gradients, whereby hypersaline
brines reflux into underlying flowing freshwaters. Dolomite is known to be produced in these mixing zones and oxygen
isotope ratios of these waters show remarkably similar ranges to those inferred by Triassic dolomites (Jacobson et al.
1991). Due to the proximity of the Vindelician High, the regressive nature of the carbonate ramp and its low angle of
inclination, salinas, partially separated from the open sea, provided the unique hydrological settings for the formation of
extensive Stamberg member dolomites.
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6.2
Middle Triassic Stratigraphy of the Swiss Prealps revisited
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The Middle Triassic in the “Médianes rigides” Nappe of the Swiss Prealps, belonging to the Briançonnais realm of the
Western Alps, consists of a several hundred meters thick carbonate succession. More than 50 years ago Ellenberger
(1950, 1958) proposed for it the dasycladacean biostratigraphic scheme that Baud & Mégard-Galli (1975) and Mégard-Galli
& Baud (1977) followed in establishing the lithostratigraphic units.
Geological mapping and a recent conodont discovery lead us to revise thoroughly the Middle Triassic stratigraphy of the
Swiss Prealps (Baud et al., submitted). At the localities Wiriehorn and Rothorn, about 600 m above the basal thrust, the
Costatoria goldfussi limestone, a remarkable coquina and widespread transgressive marker bed, yields the key conodont
Sephardiella truempyi (HIRSCH), a proxy for the Curionii - lower Gredleri ammonoid Zones (Early Ladinian). This
remarkable Costatoria goldfussi coquina is a widespread marker bed that corresponds to the main flooding surface (MFS)
of the large marine transgression. It is correlated biostratigraphically to the now well-dated Upper Muschelkalk
transgression in Provence, Sardinia and Spain and with the basal Ladinian type locality at Bagolino in the Southern Alps.
This new correlation has deep implications on the age of the different Triassic formations in the Swiss Prealps:
- Late Anisian. Below the S. truempyi level, the Wiriehorn Formation, a mighty platform carbonate sequence, is built up
by 2 members, the Wildgrimmi Member, a set of restricted upwards-shallowing carbonate para-sequences, 20 to 50 m
thick (“calcaires rubanés”) and the Bodeflue Member a 20 to 80 m thick peritidal regressive dolostone (“Dolomies
claires ou cendrées”) ending with mud-cracks beds. The coeval Champcella Formation in the Brianconnais realm is
consequently also reassigned to the Late Anisian.
- Ladinian. The newly proposed Pralet Formation comprises the Balmi Member with the Lower Ladinian Costatoria
goldfussi limestone at its base, followed by the dolomitic breccias of the Erpilles Member.
This revisited Middle Triassic Stratigraphy of the “”Médianes rigides” thrust sheet is summarized in the Fig. 1.
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Figure 1. New composite section of the Middle Triassic sediments of the Western Swiss Prealps («Medianes rigides»). In red, the position
of the remarkable «goldfussi» coquina unit. Main flooding surface: -mfs. Numerical age according to the Triassic time chart, in Ogg et al.
(2016).
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6.3
Bedding patterns in hemipelagic carbonates: the case of the Middle
Triassic Buchenstein Formation (Southern Alps, Italy)
Peter Brack1, Jörn-Frederik Wotzlaw1, Julian-Christopher Storck1
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Hemipelagic carbonates of the 30-80 meters thick Middle Triassic Buchenstein Formation accumulated at slow rates in
deep basins over wide areas of the Southern Alps. Geochronologic data suggest a time span close to four million years for
this stratigraphic interval (Brack et al., 2007).
In the Dolomites the Buchenstein basins were bordered by rapidly aggrading carbonate platforms. Basin depth increased
from a few tens to hundreds of meters. In the immediate vicinity of these buildups, platform-derived debris represent a
substantial contribution to the Buchenstein carbonates (Maurer et al., 2003). In more distal successions, the sediments of
the Buchenstein Fm. consist of lime mud, biogenic particles (mainly thin shells of pelecypods and radiolaria), fine-grained
non-volcanic siliciclastic materials and volcanic debris in the form of discrete ash layers. The correlation of tephra layers
and magnetic reversals along with biostratigraphic constraints demonstrates that bedding patterns persist over tens of
kilometers throughout the Buchenstein basins in the Dolomites (Brack & Muttoni, 2000). Extension of these correlations to
distant sections (> 100 km) elsewhere in the Southern Alps now reveals that similar patterns prevail over a much larger
area and in supposedly not directly connected basin portions. The overall thickness of corresponding Buchenstein intervals
varies by up to a factor of four and in expanded intervals individual beds tend to split into subsets of smaller layers.
These observations indicate an even sediment distribution throughout the Buchenstein basins with only gradual variation in
the long-term subsidence. Distance to productive carbonate platforms seems to be a primary factor controlling the thickness
of the carbonate fraction. The input of non-volcanic clastic materials appears to be punctuated but shows little areal
variation. The persistence over a large area and the internal organization of stratal patterns in the Buchenstein Fm.
suggests that the factors governing the bedding characteristics of the hemipelagic sediment are not related to local
environments.
A Milankovitch type control has been suggested for Buchenstein bedding patterns in the Dolomites (Maurer et al., 2004)
and variations in magnetic susceptibility of a short Buchenstein section in the central Dolomites (Spahn et al., 2013).
However, the results of both datasets cannot be readily reconciled. We expect that the new and extended correlations of
Buchenstein successions will help improving the time frame for this and age-equivalent formations and the comprehension
of their conspicuous bedding rhythms.
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Preliminary results from the Grandfontaine deep borehole (Ajoie,
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Hundred years ago, the Buix deep borehole in northern Ajoie, prospecting for coal, reached an important rock salt deposit
in Mid-Triassic strata (Schmidt et al. 1924). In adjacent France, about 40 km north of Swiss border, rock salt is exploited
from Late Triassic deposits (e.g., Bichet & Campy, 2009). In the Buix borehole no rock salt is documented from this level.
However, Late Triassic rocksalt is reported further south, from Essertine and Courtion deep boreholes south of Lake
Neuchâtel and Lake Morat respectively (Büchi et al. 1965).
In the context of a campaign for ensuring long-term salt supply of Switzerland, the Swiss Saltworks (Schweizer Salinen AG)
launched a deep well project in Western Ajoie to examine the extend of the Mid-Triassic salt deposit and to prospect for
Late Triassic rock salt.
The 1200 m deep borehole close to Grandfontaine village, about 10 km west of Porrentruy, and 12.5 km south-west of Buix
well site, was realised between January and July 2016. It started in Late-Jurassic Courgenay Formation and was mainly
performed by destructive drilling. Coring was restricted to the Mid-Triassic Klettgau and Bänkerjoch Formation.
The Grandfontaine borehole provides the first record of considerable Late Triassic (Bänkerjoch Formation) rock salt layers
in North-western Switzerland. Furthermore, it confirms the large extent of the Buix salt deposit in Mid-Triassic Zeglingen
Formation. The drilling was stopped for technical reasons some meters below this salt deposit.
Though nearly fully destructively drilled, the Grandfontaine borehole gives a valuable insight in the lithology and thickness
of Mid-Triassic to Mid-Jurassic formations not outcropping in the closer surroundings. The actual status of the on-going
stratigraphic investigation will be presented.
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6.5
A critical revision of the Hauterivian to Aptian sediments of the Jura
Mountains (France and Switzerland)
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Since the 19th century, the Hauterivian to earliest Aptian sediments of the Jura mountains were very early divided in a
succession of lithostratigraphic units defined on their facies and palaeontological content: the Marnes bleues d’Hauterive
(MBH); the Pierre jaune de Neuchâtel (PJN); the Urgonien jaune (UJ); the marne de la Russile (MR); and the Urgonian
blanc (UB). This succession was build as a synthetic sequence based on several stratotypic sections distributed on the
whole Jura range, and considered as identical in any place. Although the dating of the Marnes d’Hauterive and the Pierre
Jaune de Neuchâtel was roughly supported by the ammonites, the age attribution of the Urgonien Jaune and Urgonien
Blanc has been riddled with incertitude and controversy (e.g., Arnaud-Vanneau and Arnaud 1990; Charollais et al. 2013).
Here we propose a new depositional model of this shallowing succession which frees itself form the confusion which was
made between lithostratigraphic and chronostratigraphic concepts. During the last three years, more than thirty section
were relogged in high details, especially for the
recognition of the discontinuity surfaces and marly
layers which form isochronous time lines trough the
Jura range (Figure 1). Additionally, robust
palaeontological (cephalopods, ostracods, echinoids,
and brachiopods) and geochemical data (carbon
and oxygen stable isotopes, phosphorus) were used
in order to calibrate these eustatic events.
First results unambiguously show a platform
installation above hemipelagic sediments
somewhere on the Burgey-Chartreuse area. This
first phase is followed by a progradation of the
platform, which moves toward the NE part of the
Jura domaine. The MBH, the PJN, the UJ and the
UB are diachronous and cogenetic facies which
displace over time. A first phase of expansion is
suddenly stopped by a drowning, the “Mid
Barremian Event” (MBE; Coccioni et al., 2003) which
lead to the deposition of condensed muddy
sediments on the platform, the Russille marls. The
platform recovered with a new oligotrophic
carbonate production which purchased the initial
progradation toward the NE before a final drowning
event leading to the deposition of the Perte-duRhône Fm (PDR, Pictet et al. 2016). New datings
show a diachronous age for each lithostratigraphic
units which are older in the Meridional Jura and
younger toward the Central Jura.

Figure 1. Discontinuity surfaces between: A) the Lower PJN and the Uttins Marl at Eclépens (VD, CH); B) the upper PJN and the UJ at StAubin (NE, CH); C) the UJ and the MR at Montcherand (VD, CH); D) the UB and the PDR Fm at Bellegarde-sur-Valserine (Ain, F).
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P 6.1
Study of microfacies, sedimentary environment and Diagenetic
processes of the Qom formation in the southwest of Sorkheh (Semnan)
Mohammad khojastefar1, Reza aharipour

2

Sedimentary petrology and sedimentology, M.Sc., Faculty of science, department of geology, Islamic azad university,
Shahrood Branch, Shahrood, Iran. (moh.khojaste@yahoo.com)
2
Assistant Professor, Faculty of geology science, Damghan university, Damghan, Iran.

1

The early Miocene Qom Formation in southwest Sorkheh (south of the Abdullah Abad village) section includes succession
of carbonate and evaporate rocks in the southern flank of Central Albourz Mountains. This formation located over the Lower
Red Formation with a disconformity and the upper boundary of this formation in this region due to probably tectonic activity
not visible (fig.1).
Qom Formation in the studied section contains 217 m. thick and is divided into four sedimentary units. Unit 1 is composed
of alternation of white limestone and green marl. Unit 2 is composed of gray marl and thin layers gypsum and also more a
thick layer of gypsum. Unit 3 is composed of alternation of white limestone and green and gray marl. Unit 4 is composed of
thick layer of cream-colored limestone (fig.2).
In order to detailed analysis of sedimentary facies and sedimentary environment of the Qom Formation in the area, 35 thin
sections had studied by using of polarized microscope. The results of study led to separation and recognition of 5 facies in
the Qom Formation that have been deposited in 5 facies groups, involving: open marine (bioclastic wackestonepackstone),reef or bar (bioclastic packstone to grainstone and boundstone), lagoon (ostracod and bioclastic wackestone),
tidal flat (gypsum). According to facies evidences, sediments of the Qom Formation in the study area is formed in
Aquitanian to Burdigalian stages (Early Miocene) and deposited in carbonate ramp platform environment. Most facies
represents the shallow water with a limited sea level changes (fig.3). The main diagenesis processes in the Qom Formation
includes cementation, micritization, neomorphism, replacement and porosity that formed in meteoric, marine and funeral
diagenetic environments (Tucker & Wright, 1990).
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Figure 1. Overview and units, the Qom Formation in Abdullah Abad section in sight to the north

Swiss Geoscience Meeting 2016

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 6: Stratigraphy

223

Figure 2. stratigraphic column of Qom Formation in the South West of Sorkheh

Figure 3. The environment of the Qom Formation in the South West of Sorkheh
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P 6.2
About Konkian/Sarmatian Boundary of Georgia Based on Foraminifera
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In Eastern Paratethys the transition from the Konkian to the Sarmatian regional stage is characterized by a gradual change
from rich Konkian stenohaline to poorer Sarmatian euryhaline foraminiferal assemblages. The reasons for this gradual
replacement of the population are at present still being debated and it is responsible for the debate about the position of the
Konkian/Sarmatian boundary. Some authors place the Konkian/Sarmatian boundary contemporaneously with the first
occurrence of Sarmatian species whereas others place it at the level where a typical Sarmatian assemblage becomes well
established.
The research material is collected in more then ten sections of Konkian and Sarmatian sediments in Eastern Georgia,
besides, the study utilizes data on Konkian and Sarmatian foraminifers complexes of Eastern and Western Georgia,
collected and specified by Djanelidze (1970) and Maissuradze (1971).
Analysis of the collected and existed data (Figure 1) indicates that foraminifers in Konkian sediments are presented by 56
species of 32 genera, out of them 38 species of 25 genera belong to Early Konkian (Sartaganian); 12 species of 7 generato Early and Late Konkian, among them 9 species of 5 genera are also existed in Sarmatian age. 2 species of 2 genera
belong to Late Konkian (Veseliankian), while the origin of the rest 4 species of 3 genera belongs to the Late Konkian and
they continue existence in Sarmatian basin. Sarmatian sediments are characterized by small amount of foraminifers’ genera
(17 types) and variety of species (93 species). It must be mentioned that the major portion of Lower Konkian foraminifers is
presented by stenohaline species, while the most part of Late Konkian and Sarmatian foraminifers are presented by
euryhaline species. Besides, from the phylogenesis viewpoint, the Late Konkian (Veseliankian) fauna is closer to Early
Sarmatian rather than to Early Konkian. In Transylvania (Roumania) on the boundary between Upper Badenian and Lower
Sarmatian the «Tenuitellinata Zone» with planktonic foraminifers was distinguished (Filipesku & Silye, 2008). It should be
noted that on the boundary between the Upper Sartaganian and Lower Veseliankian of Eastern Georgia (the gorges r.
Arkhashen-su and r. Rusiani) the species Tenuitella clemenciae (Bermúdez) typical for «Tenuitellinata Zone» was
discovered by us (Maissuradze et al., 2014). The similar foraminifers were also seen by O. Djanelidze in the same
stratigraphical interval of Western Georgia in the gorge r. Dzimiti (unpublished data).
Based on the obtained results and taking into account the fact that existence of “Tenuitellianta Zone” in Georgia is indicated
along the boundary of Upper Sartaganian and Lower Veseliankian, we can suggest that it will be correct to lay the boundary
between the Konkian and Sarmatian regional stages along the Veseliankian bottom.
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Figure 1. The distribution of Konkian and Sarmatian foraminiferas of the Georgia (based on Djanelidze (1970), Maissuradze
(1971) and our data).
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